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NUMERICAL MODELLING OF SWASH ZONE HYDRODYNAMICS

‘ Jack A, PULEO' K. Todd HOLLANG' anc Don N. SLINN?
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LINTRODUCTION

The swash zone is the ares of the nearshore thar is
mtermitenty covered and uncowered by wave rupap,
Rinee swash hydrodynamics conrel the evolwtion of heach
morphology, understanding thee motions is of paramount
mpantance. Typlcal smdizs of swash zone hydrodynamics
involve the ds:phxymm: of severad instruments {corrent
meters, ¢ Puleo eof of 2000, Doppler devices, g Pett]
and Longo, 2001, amang other methods s}-to measie the
swash zone flaid \«einm}. While the Doppler devices have
the ahilliy m eeadily distinguish verticnl flow strieture,
instrument deployment is necessarily sparse due w cost amd
logisties. Recertly @ video-based remote sensing techniyue
haa zlso heen developed that is capable of quantifying
surface swash velovitics over a fairly faege spatial dormuin,
bt yields o informmion regarding subswface Hows
{Holland et al., HHI1)L

Another  possibilty  for  undorstandmg  swash
hydradynamics is through mumerical simulations. A two
dinmnsiond (2D numerical model. RBREAK (Wiwjanto
and Kobayashi, [991}, sased on the viscid non-"inear depth-
averaged shallow water eguations accurately mwodels
vhservations {Raubenhaimer or of,, 1995, van der Meer and
Broteler, 1990), Bur the depth-averaged nsture limits the
information {no quantification of shoar stressos, vorticity
ete g gleaned from the model. However, Shinn e of. {2000,
have wtilized an coxistlap 200 depth-depencenr model,
RIPPLE (Kothe er al.. 1991}, for simulating swish zone
hydiodynassics.  The RIPPLE model will be investigated
here. specifically in comparison to faboratory observations,

3. RIPPLE MODREL AND SIMULATIONS

The RIPPLE model s based on the 2D Navier-Siokes
cquations and is capable of simwleting tie non-linear time
depondent flow in the swask zone.  The mudel domsin &
discretized into mdividusl conteol volumes, which may

cmpty, full or partially filled with water  This vohume of

fiuid {WOF) approach crables the capture of breaking waves
and  other  swash  hydrodynamics by caloulating  ihe
appropriste force balarces i each conirad volurne aad the
flux of wazer across each of the control volume su-faces
Presently, model doma.ns are typicslly enly a tow meters i
the cross-shore with wery smafl contral volumes {sub-
millimuter nenr the bed 1o millimaer neor the surfoee) and
tme steps of gencrally K100 of a sceond such that the
detai’ed structure of the boundary lavee, shear srresses and
hreaking processes can be caleulated.

Figures | and 2 shows 3 snapshots of g Jow wviseesity
model run en'a 20 degree slope. 'Fhe model was foreed in
the seaward region {retghly 25 @ 0 em} with
monochromatic waves having a period of | second and 2

wave heighe of 2 om. The dormain consimed of 136

fvertioal) by TOO Chodzontall control volumes *Figure 1
shows the fuid portion of the domain and Figure 2 shows

the comesponding velodity vectors {for clarity, only every”

10™ vectar 15 shown). In the first set of ponels at t - 1.7 5
ihe hackwnsh is moving down slope and 3 small wave is

curling over and preparing o breek.  The CTESpa wling
velochty vectors {~ 35 pm/s) are headed dowrsl ope m the

vory thin hackwesh with upward mainting vectors.in the

viciniy of the wise fioe and shoroward dircoted veelors

(- 75 cov'sy 2t the lip of the wave, By t~1.9 5. thic wave has
broken on the beach face and the upmish process has hegun.

Hore veloeity veolors are boaded onshore and dowasward.
toward the bl The uprush has extended finther wy the

beach by +2.2 s and has thinned considerably, At this

point, velochies have Cecreased to about 25 em /s, The
vector field shows that in the lower swash the flow has

atready began its seaward return while the flow oo ther prpRer
begeh i still in the Jandward diractics,

In Junc 200H. laberatory studiey were-carricd out in the
Large-scale Sediment Transport Facility {LSTF) =t the
Coasal  Hydraulics Lzhomon of the Ammy Corps of
Engincess in Vicksburg, MS (Hamilon and Ebersale, 20011,
The LSTF ix 30 m crossshore by S0 s slongshors by 14
m deep with s nomimal beach slope of 1:30. Both

monechromatic ad rerdom woves' of prototype seale wz!i:
be used as the offshote boundiry condition. 15\%3-31_
velocities and swfaced profiles will be recorded with

numerous achustie Dappler istraments, video comeras, and

wive goges  The free surface profile and vertical velodity
structure in the swissh one will be compnred 1o he RIPPLE

modd! output using the same boundary corditions,

1 SUMMARY

KNumerical simulations of swash hydrodyramics werg
performed for prototype Jaboratery waves on beackes to
investigate the walidite of the RIPPLE model and the

detailed stueture oF the hourdary layer, shear srresses and

other important chirseterisiies of wzxsh flows, The use of

these types of simulations can owm’,smc #he drawbacks o '
previously  used  numerigsl models Cand o sit

instrumentation. The tnic ability of this tvpe of modeling
will manifest in fature work when the hvdrodvaamios sre
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